In the soil-plant-atmosphere continuum, fluxes of water, energy, and carbon determine the water and carbon balance of peat bogs. We used eddy covariance (EC) measurements to study surface atmosphere exchange and its drivers above an ombrotrophic ET was available energy and atmospheric conditions and, marginally, the soil moisture conditions. This K c* value is comparable to the calculated K c* values for MB, which ranged between 0.82 and 0.86 (R 2 between 0.84 and 0.97). Since these K c* ranges are narrow for the different sites and years, we hypothesize that these values are good estimates for the true crop coefficients of Sphagnum-dominated peat bogs.
| INTRODUCTION
Peatlands store large amounts of carbon and are considered a potential carbon source to the atmosphere under a warming climate (Limpens et al., 2008) . Except to their considerable spatial extent on the Northern Hemisphere (Limpens et al., 2008) , peatlands also occur in the tropics and subtropics (Hooijer et al., 2010) , and numerous, often small and hardly studied peatlands exist in mountain ranges of warmer climate zones, for example, in the Andes (Chimner & Karberg, 2008) , Rocky Mountains (Chadde et al., 1998) , and in the Alps in central Europe (Pullens, Sottocornola, Kiely, Toscano, & Gianelle, 2016) .
The carbon fluxes between the atmosphere and peat bogs are tightly coupled to both the hydrological cycle and climatic conditions (Adkinson, Syed, & Flanagan, 2011; Lindroth et al., 2009) . Global changes in rain patterns and an increase in temperature have been predicted (IPCC, 2013) . The exact consequences for evapotranspiration (ET) and net ecosystem exchange (NEE) patterns of peatlands are hardly predictable due to nonlinear feedbacks on hydrology, ecology, and biogeochemistry, whose overall response may change for different climates (Waddington et al., 2015) . These changes may alter the hydrological regime of peatlands; affect the carbon balance, that is, surface-atmosphere fluxes of CO 2 and CH 4 , and effluxes of dissolved organic carbon (DOC); and may turn peatlands to carbon sources (Limpens et al., 2008) . DOC effluxes from polluted peatlands may mobilize heavy metals and lead to water quality degradation in catchment areas and damage to aquatic ecosystems (Broder & Biester, 2015) , an important process as the Harz Mountains have a more than thousand year legacy of metal mining.
A large number of fen and peat bog sites in the boreal region have been investigated with respect to different meteorological and hydrological controls of the energy, water, and carbon soil-atmosphere exchanges using eddy covariance (EC; Kellner, 2001; Kurbatova et al., 2002; Moore et al., 2006; Runkle, Wille, Gažovič, Wilmking, & Kutzbach, 2014) , which provides direct and continuous measurements of surface-atmosphere energy fluxes. Although a direct relation between soil moisture and ET seems obvious, various differing ET responses to soil moisture and water table depth in northern peatlands have been reported (Waddington et al., 2015) . While several studies observed no change in ET with soil moisture or only a decline of ET under extremely dry conditions (Humphreys et al., 2006; Kellner, 2001; Lafleur, Hember, Admiral, & Roulet, 2005a; Wu, Kutzbach, Jager, Wille, & Wilmking, 2010) , other studies report mulching effects at the peat surface (Kurbatova et al., 2002) and variation of ET partitioning between moss and vascular plants (Admiral, Lafleur, & Roulet, 2006) .
These results are indicative for the underlying soil hydraulic properties of the unsaturated zone in peatlands to potentially control ET.
In order to differentiate meteorological and hydrological controls on ET, potential ET rates (ET p ) are determined to evaluate a theoretical maximum of ET under given meteorological conditions. However, multiple empirical equations are in use to determine ET p (Xu & Singh, 2002) leading to an ambiguity of the term ET p (Pereira, Allen, Smith, & Raes, 2015) . For this reason, ET terms used in this study are explicitly defined and summarized in Table 1 . In agricultural and hydrological studies, the crop ET (ET c ) is the established measure for ET of a homogeneous vegetation under optimal physiological conditions, that is, sufficient nutrient and water supply and full health (Allen et al., 1998) . It is calculated using the grass-reference ET (ET 0 ) defined by the Food and Agricultural Organization (FAO; FAO paper 56; Allen et al., 1998) and a vegetation-specific crop coefficient (K c ). The crop coefficient is proportionality constant parameterizing physiological differences of a plant cover to the grass reference caused by differences in aerodynamic roughness, leaf area, and albedo and therefore varies with the season (Pereira, Perrier, Allen, & Alves, 1999) . In order to guarantee the transferability of empirically determined K c , the mentioned optimum plant physiological conditions have to be fulfilled (Pereira et al., 2015) . K c coefficients have been reported for various agricultural crops, a few naturally vegetated surfaces, but none so far for Sphagnum dominated peat bogs.
In contrast to peat bogs in the boreal zone, relatively little is known about the soil-atmosphere exchange of mountainous bogs, for example, in central Europe, for which changes in rain patterns and temperatures have been predicted, too (Hattermann, Weiland, Huang, Krysanova, & Kundzewicz, 2011) . This might be due to the fact that mountain ranges typically are considered nonideal settings for the EC technique.
Ideal conditions, however, are required for valid EC measurements, comprising homogeneous and flat land surfaces within the flux source area without obstacles distorting air flow. With this, the theoretical assumptions of, for example, no advection and horizontally steady-state and homogeneous flow conditions, are fulfilled. This ensures that determined fluxes are representative for the ecosystem of interest (Foken, 2006) . Nonetheless, EC studies have been successfully conducted over sloping and inhomogeneous surfaces, for example, a mountain meadow (Hammerle et al., 2007; Hiller, Zeeman, & Eugster, 2008; Zeeman et al., 2010) or cities (Weber & Kordowski, 2010 ), or at fetch-limited sites, for example, a green roof (Heusinger & Weber, 2017) . In these studies, data quality is usually ensured by applying tests to filter out fluxes influenced by insufficient steady- Xu & Singh, 2002; McMahon, Peel, Lowe, Srikanthan, & McVicar, 2013) . In peatland studies the evapotranspiration of an open water surface derived from the Penman-Monteith equation is often used as a measure for ET p (e.g. Kellner, 2001; Runkle et al., 2014) . (Allen, Pereira, Raes, & Smith, 1998; Pereira et al., 2015) ET 0 Reference evapotranspiration Evapotranspiration of a disease-free grass reference vegetation with uniform height and sufficient water and nutrient supply as defined by the FAO. (Allen et al., 1998) ET c Crop evapotranspiration Evapotranspiration of a single crop cover under standard conditions as defined by the FAO (disease-free, well-fertilized, large fields, optimum soil water conditions, full production under given climate). Related linearly to ET 0 with the crop coefficient (K c ): ET c = K c ET 0 . The K c parameterizes plant physiological differences of the crop cover to the reference crop (i.e. roughness, leave area, and albedo). (Allen et al., 1998; Allen, Pereira, Howell, & Jensen, 2011) ET c* Adjusted crop evapotranspiration Adjusted ET c due to environmental conditions differing from the FAO standard (e.g., water stress and unknown nutrient supply), also referred to as actual ET c (ET cact ). Linearly related to ET 0 with the adjusted crop coefficient (K c* ): ET c* = K c* ET 0 . The K c* is a variation of K c (K c* = K s K c ) with the stress coefficient (K s ). (Allen et al., 1998; Pereira et al., 2015) state flow and turbulence characteristics (Foken & Wichura, 1996) , nighttime advection (e.g. friction velocity threshold; Goulden, Munger, Fan, Daube, & Wofsy, 1996) , or distortion in the roughness sublayer (footprint models; Mauder et al., 2013) . In spite of their approximate nature over uneven terrain, analytical footprint functions have been used to estimate the source area in mountainous region studies (Hammerle et al., 2007 (Weber, Iden, & Durner, 2017b) .
Situated on a saddle, the open portion has an elongated shape and stretches in a SE-NW direction ( Figure 1 ). The average slope amounts to 3% (Jensen, 1990) . Vegetation of the open portion is dominated by raised bog vegetation and reveals a typical hummock-hollow microtopography (Baumann, 2009) . Peat depth is between 3 and 5 m in the central part with a maximum of 6.6 m (Beug, Henrion, & Schmüser, 1999) . Recent studies have further characterized the study site including the effective soil hydraulic properties (Weber et al., 2017b; Weber, Iden, & Durner, 2017a) , CO 2 exchange (Weber et al., 2018) , and DOC export characteristics and controls (Birkel, Broder, & Biester, 2017; Broder & Biester, 2015) . Cambridge, UK). Also, T s in higher resolution was measured in 2.5
and 5-cm depths using 5TM temperature and moisture content sensors recorded with an EM50 logger (Decagon Devices, Inc., Pullman, Washington, USA).
| Data handling
Raw EC data were processed with the EddyPro v6.2.0 software (LI-COR Biosciences Inc., 2014) to obtain half-hourly carbon dioxide (F CO2 ), sensible (Q H ) and latent heat (Q E ) fluxes, to derive further micrometeorological variables and to apply commonly used corrections. These include double coordinate rotation (Finnigan, Clement, Malhi, Leuning, & Cleugh, 2003) , air density corrections (Webb, Pearman, & Leuning, 1980) , storage flux calculation (Finnigan, 2006) (2004) and if the necessary turbulence conditions for the Kljun footprint model were not fulfilled, that is, atmospheric stability parameter ζ with −200 < ζ < 1 and friction velocity u* ≥ 0.2 m s −1 , the model by Kormann and Meixner (2001) was adopted.
The turbulent heat fluxes are part of the energy balance equation (Equation (1)).
Q* is the net radiation and Q G is the ground heat flux (all terms of
), where Q* is the sum of the net shortwave and longwave radiation at the surface (Equation (2)). Due to the relatively small slope compared to other mountainous EC studies, the radiation terms were not corrected in respect to the surface inclination.
Half-hourly fluxes at wind direction (ϕ) from 320 to 135°were excluded due to the proximity to the forest and hill slope. Additionally, flux data were classified by steady state and integral turbulence characteristics as proposed by Foken (2006) from 1 (best) to 9 (worst). The data quality of the classes 1 to 6 is considered sufficient for long-term investigations (Foken, 2006) and was therefore chosen for this study. Q G was calculated from measured data of the HFP and soil temperature (Equation (3); Oke, 1987 ; used for peatlands in Sutherland,
Chasmer, Petrone, Kljun, & Devito, 2014) . To account for the heat storage between the peat bog surface and installation depth of the HFP, heat capacity was calculated assuming the soil is composed of organic matter, soil water, and soil gas only. As soil gas does not contribute significantly to the heat storage (Equation (4); Brutsaert, 1982) ,
where Q G,m is the ground heat flux at measurement depth (W m −2 ), C s is the volumetric heat capacity of the soil (J m
and depends on temporal changes (t in s), and Δz is the measurement depth of the ground heat flux (m). The heat capacity of soil organic matter is denoted by C org (2.5 MJ m −3 K −1 ), volumetric water content θ is given in (−), and C w is the heat capacity of water (4.2 MJ m −3 K −1 ).
A value from literature was used to represent the soil porosity of the peat near the surface (η = 0.95,e.g., Dimitrov, Grant, Lafleur, & Humphreys, 2010; Sottocornola & Kiely, 2010) . HFP measurements were only available for the period after July 1. Therefore, a semiempirical function was used to replace Q G missing measurements before July 1 to calculate the thermal conductivity κ of the soil
); Johansen, 1975 ; as presented in Peters-Lidard, Blackburn, Liang, & Wood, 1998) using η, the density of the solid soil material
; Peters-Lidard et al., 1998) and θ. T s from the 5TM sensors was used to solve Equation (5).
Ground WTD was calculated from tensiometer data assuming hydrostatic and unconfined conditions. Under water saturation, the measured potential equals hydrostatic potential (Jury & Horton, 2004) . Ground water level never fell below the installation depth of the tensiometer.
| Evapotranspiration
The ET was further characterized using the crop coefficient model, where the K c (−) is the ratio between ET c (mm h −1 ) and ET 0 (mm h Allen et al., 1998) ,
Hourly ET 0 was calculated according to the FAO guidelines (Allen et al., 1998) :
The hourly averages of the net radiation (R n , MJ m The results from northern peatland studies suggest that ET a is limited rather by available energy and atmospheric humidity than by soil moisture (Moore, Pypker, & Waddington, 2013; Wu et al., 2010) except for extremely dry conditions (Lafleur, Hember, et al., 2005a) .
Under sufficiently moist and nonplant-limiting nutrient and disease conditions, it seems legitimate to assume that ET a is equal to ET c and to calibrate K c using ET a . However, without considering nutrient supply and health state of the vegetation, ET a can only be used to calibrate an adjusted crop coefficient (K c* ) resulting in an adjusted crop ET (ET c* ) (Equation (8); Allen et al., 1998; Pereira et al., 2015) . Any sort of deviance of K c* from the true K c can then associated with growth stress (salinity stress, insufficient nutrition, disease etc.).
The K c* was calculated for daytime values (Q* > 5 W m −2 ) in July and August by ordinary least squares estimation and ET c* is used as
), the density of water (ρ w , g cm −1 , Equation (9)), and the conversion factor x = 3,600 s h −1
. The temporal limitation to 2 months of the data set is to exclude seasonal variation of K c* due to plant physiology.
We tested the sensitivity of K c* to water availability by analysing the model residuals (ϵ, mm d −1 ; Equation (10)) against WTD and θ.
If water supply were insufficient, the model will overestimate ET a .
In this case, we discarded ET data during the driest conditions. Fur- For all FLUXNET site data, an overall mean energy imbalance of about 20% was observed (Wilson et al., 2002) , signifying that in contrast to the theoretical basis of energy conservation implicit in Equation (1), the nonturbulent fluxes exceed the turbulent fluxes. This energy balance gap is often associated with energy transport of large scale eddies, which is not quantified accurately with the EC method and a 30-min averaging interval (Foken, 2008; Mauder et al., 2018 adjust ET a . Using this closure procedure, we assume the scalar similarity of gas and heat exchange not only for small scale but also for large-scale eddies (Foken, 2008; Mauder et al., 2018) . The median diurnal course of β was determined from the flux data from July and August and used for the correction for every time of the day as it allows to represent the variation of β through the course of the day and it is robust against measurement uncertainties of individual flux measurements.
3 | RESULTS AND DISCUSSION
| Data availability
The whole data set from June 6 to October 30 comprised 7008 half hour flux values. Twenty-one percent of those data were not evaluated by EddyPro, mostly due to IRGA signal strength being out of bounds. Second, we did not include 31% of the data set during inappropriate wind direction. Furthermore, 5% of the data were rejected because of precipitation events and 6% because of low signal strength. Another 2% of the data did not fulfil the required steady state and integral turbulence characteristics (cf. section 2.3), and 1%
failed to reach sufficient nighttime u*. In total, 34% of the complete data set (n = 2,355 half hour fluxes) fulfilled the required quality standards with higher availability during the summer months (June, July, and August) and during more turbulent conditions at daytime (Figure 2 ). The fraction of available data at this site is similar to other mountainous EC sites (e.g., 36% data availability in Hammerle et al., 2007) . Based on the partial data set during appropriate wind direction (n = 4,079) representing fluxes from the bog surface, the data availability is 58%.
Due to fetch limitations of the site, the footprint was analysed in detail: The cross-wind integrated 90% footprint length (X 90 ; Figure 1) was elongated and more variable in northwestern direction than in southwestern and southern direction. For about 5% (126 data) of the accepted data, X 90 surpassed the outlines of the bog due to increased atmospheric stability especially at night (Figure 3 ). The 70% footprint (X 70 ) was smaller than X 90 and remained within the bog boundaries throughout the whole measurement period. However, as the flux data during periods with X 90 surpassing the bog boundaries did not vary significantly from data during periods with smaller sized footprints, the footprint was not used as a further filtering criterion.
Thus, data during cold air drainage which is considered to coincide with wind from SE occurring during stable conditions were effectively filtered in this routine. The final data set is considered to be free of major disturbances from advection, contamination of the IRGA optical windows, or inadequate source area contribution. Table 2 ). The seasonal variation of β is mostly inversely related to the variation in VPD (Figure 6c ). The VPD was higher in June (~7.4 hPa) and August (~8.7 hPa) than in the other months (5.2 hPa in June, 3.4 hPa in September, and 4.0 hPa in October). The overall results suggest that throughout the year, ET is for the most part limited by atmospheric demands. During the dry period in July, however, both β and VPD increased (0.9 and 10.6 hPa, respectively), which hints at a limitation of ET by low moisture in the upper soil. The diurnal variation of VPD (Figure 6d ) indicates an increase from the morning until afternoon in June, July, August, and September. This explains the higher β values in the morning compared to the afternoon because in the morning, the evaporation is more strictly limited by atmospheric demand than in the afternoon. In October, maximum daily VPD was reached about 1 to 2 h earlier than in the other months.
| Meteorology and hydrology
The surface albedo (α = K↑/K↓) is known to depend on the surface moisture (Graser & Van Bavel, 1982; Moore et al., 2013) as a dry soil is brighter and has a higher α than a wet soil. In addition, the chlorophyll pigments of Sphagnum mosses may alter and irreversibly be damaged due to long drought periods leading to an increase of α (Gerdol, Bonora, Gualandri, & Pancaldi, 1996) . Indeed, measured α was higher during June and July (median midday α = 0.23) and slightly higher during the dry period (α = 0.24), and it declined in fall (α = 0.19, Figure 6e and f), which is an indication of the vegetation changing colour during senescence.
The generally high θ is considered to increase the overall heat capacity and conductivity of the soil and may lead to Q G being a dominant term in the energy balance (Kurbatova et al., 2002) . Indeed, Q G surpassed 100 W m −2 in July due to the mostly high θ in the upper soil and peaked up to 1.5 h before noon. In August and September, Q G was as high as Q H .
| CO 2 fluxes
Hourly median values of F CO2 (Figure 7) show that the peatland surface accumulated up to 11 μmol m −2 s −1 in July and August at noon.
In September and October, maximal flux uptake reached~8 μmol m −2 s −1 and 4 μmol m −2 s −1 , respectively. A reduction of CO 2 uptake as a result of low WTD in the extended dry period of July is not visible in the data; this indicates that water did not limit the vegetation's photosynthesis, which is supported by a F CO2 modelling study from this site (Weber et al., 2018) . Derived from the median diurnal course of F CO2 , the median daily CO 2 exchange was determined. The monthly comparison shows that the highest median daily uptake of CO 2 was measured in July with 3.1 g C m
. The high nighttime respiration rates in August reduced the daily uptake in spite of higher WTD
) and similar midday F CO2 as in July. For Sphagnumdominated peatland sites, it has already been shown that NEE remains mostly unaffected by varying soil water conditions except for extreme drought conditions (Adkinson & Humphreys, 2011) , potentially causing irreversible damage to chlorophyll pigments and a long-term reduction of the gross primary production (Gerdol et al., 1996; Thompson & Waddington, 2008) . Toward the end of the vegetation period in October, the relationship between respiration and assimilation changes, resulting in a net release of CO 2 (0.4 g C m −2 d −1 ).
| Evapotranspiration
For OM, the relationship between ET a and ET 0 could be described well with the K c* model (K c* = 0.85, R 2 = 0.85, Figure 8a ). There was no observable systematic deviance from the linear relationship, as might be expected for large ET 0 values as a consequence of reduced water supply after a dry period during conditions with high atmospheric demand. This becomes evident from the model residuals which were evaluated against both WTD and θ (Figure 9 ), where they were analysed in 10 bin classes for which none showed a clear deviation from the zero line. Only for the bin with the second lowest WTD, there is a higher deviation from zero, but this bin only includes 5 out of 387 data points (i.e. 1.3% of the data). This finding is corroborated by the fact that the measured and simulated CO 2 fluxes were also not dependent on water content (Weber et al., 2018) . As a consequence, ET at OM was not controlled by water availability during the observation period and that the determined K c* is a valid estimate for wellwatered conditions. This is noteworthy, since the analysed EC measured ET a data contained an exceptionally dry July period, as compared to a century of precipitation measurements from a weather station 6 km away (Weber et al., 2017a) . This means that the bog surface remained well watered and even the continuous desiccation of the unsaturated zone until 19 July did not lead to a change in bulk ET, even when the WTD was at its maximum depth at 30 cm. However, it was not possible to untangle the effect the desiccation had on potential shifts in a partitioning of ET between the nonvascular Sphagnum and the vascular plants, so that potential Sphagnum desiccation cannot be fully excluded.
These results are generally in agreement with other peatland studies that found no relation between ET and WTD for shallow WTDs (Sottocornola & Kiely, 2010; Wu et al., 2010) and only a weak relation for very deep WTDs (Lafleur, Hember, et al., 2005a) . Finally, studies on the soil hydraulic properties of the bog's unsaturated zone support these results, too (Weber et al., 2017a (Weber et al., , 2017b .
To quantify the total soil-atmosphere water exchange, ET c* was calculated from the determined K c* and used to fill ET a gaps. Daily
FIGURE 6
Monthly median values of the Bowen ratio (β), vapour pressure deficit (VPD), and albedo (α) between 12:00 and 13:00 and during the defined dry period with error bars indicating 25 and 75% quantiles (β in a, VPD in c and α in e) and median diurnal variation for each month (β in b, VPD in d and α in f)
ET rates reached up to 5.6 mm d −1 (Figure 10 ). The highest monthly ET rates were observed in July with an average evaporation rate of 3.1 mm d −1 . These rates are similar to ET rates from previously published studies from Northern European and Canadian peat bogs (Lafleur, Hember, et al., 2005a; Runkle et al., 2014; Wu et al., 2010) and lower than the ET of an open bog in Wisconsin (Watras, Morrison, Rubsam, & Buffam, 2017) . In October, daily evaporation rarely
, the average daily evaporation was the lowest with 0.7 mm d −1 in comparison to the other months, and θ was high because of the regular rainfalls. A total amount of 302 mm evaporated from the bog surface, which is about 20% less than the total cumulative rainfall during the measurement period. The bog's complete water balance was not determined, but water outflow from the bog and inflow from the slopes on the northeastern flank were observable. Birkel et al. (2017) found that rain events can produce outflow events of mostly short duration into the nearby stream channels on the southwestern flank During the dry spell until July 19, no outflow from the bog was detected, so that at least during that time water loss could mostly be attributed to ET. Overall, more than half of the cumulative ET of the observation period occurred until the end of July.
Relating these results to the FLUXNET site Mer Bleue, we found lower EBR at MB with values between 0.79 and 0.88 (Table 2 ). The application of flux correction procedures is not necessarily recommended due to uncertainties of the method and inadequacy of the (Table 2) . However, these variables neither explain the mostly higher K c* estimates at MB nor the inter-annual variability at MB.
Interannual and site-specific differences of K c* might be caused by a varying abundance of vascular plants (Binet, Gogo, & LaggounDéfarge, 2013) . The leaf area index of vascular plants has been associated with the cumulative ET of peatlands (Hirano et al., 2016 
| SUMMARY AND CONCLUSIONS
We conducted EC measurements at a mountainous Sphagnum peat bog site with a limited fetch and uneven surface characteristics. A major advantage of EC measurements is the direct and continuous measurement of surface-atmosphere energy, carbon, and water fluxes, providing a better understanding of the OM ecosystem functioning.
Reliable measurements were obtained even for a mountain site with nonideal measurement conditions. This was achieved by measuring at a low installation height, and after performing a careful footprint analysis, adopting adequate correction terms, and following rigorous filtering, resulting in a valid was valid data set for further investigation of nearly 60% during adequate wind direction. We could show that also in small mountainous peatlands, the EC technique can lead to good measured datasets for further analyses.
The surface-atmosphere energy exchange at OM was characterized by a higher β compared to boreal bogs in flatlands due to atmospheric constraints. Also, despite a slight increase in β during the dry period of July, a reduction of ET due to insufficient soil water supply during this period could not be observed given the correctness of the K c* model fit. NEE did not vary in response to the observed soil moisture conditions; however, the partitioning of both ET and NEE between Sphagnum and vascular plants remained unclear. Nonetheless, longer monitoring campaigns are needed to evaluate in how far future climate change will influence the soil-plant-atmosphere FIGURE 9 Residuals of the K c* model (ϵ, Equation (10)) against the water table depth (WTD; a) and the volumetric water content of the soil (θ; b). The whiskers at the bin means indicate the standard deviation of each bin FIGURE 10 Time series of cumulative precipitation (precip.) and evaporation (evap.) and daily average rates of precipitation and evaporation. Missing flux measurements were replaced by the output K c* model (Equation (8)). Gaps in the input variables of the model, namely, T a , RH, p, u 2 , and VPD, were filled by median diurnal variation method exchange of energy, water, and carbon in this mountainous, ombrotrophic bog. We expect that even longer drought periods than those observed in our study would lead to a stronger decline of the WTD and θ and could significantly reduce ET and CO 2 accumulation by the bog.
As the K c* at OM was determined in regard to the water availability using WTD and θ, but without consideration of further phenological conditions, the representativeness of this value could be 
